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Two	spectroscopic	needs	for	photo-z	work:	
training	and	calibra'on

Zhan 2006

• BeBer	training	of	
algorithms	using	
objects	with	
spectroscopic	redshi7	
measurements	shrinks	
photo-z	errors	and	
improves	DE	
constraints,	esp.	for	
BAO	and	clusters

Benitez et al. 2009

!
– Training	datasets	will	contribute	to	calibra'on	of	photo-z's.		
~Perfect	training	sets	can	solve	calibra'on	needs.
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Two	spectroscopic	needs	for	photo-z	work:	
training	and	calibra'on

• For	weak	lensing	and	
supernovae,	individual-
object	photo-z's	do	not	
need	high	precision,	but	
the	calibra'on	must	be	
accurate		-	i.e.,	bias	and	
errors	need	to	be	
extremely	well-
understood

!
– uncertainty	in	bias,	σ(δz)=	σ(<zp	–zs>),	and	in	scatter,	σ(σz)=	
σ(RMS(zp	–zs)),	must	both	be	<~0.002(1+z)	for	Stage	IV	surveys

Newman et al. 2013



Biggest	concern:	incompleteness	in	training/
calibra'on	datasets

• In	current	deep	redshi7	surveys	
(to	i~22.5/R~24),	25-60%	of	
targets	fail	to	yield	secure	
(>95%	confidence)	redshi7s 

• Redshi7	success	rate	depends	
on	galaxy	proper'es	-	losses	
are	systema'c,	not	random 

• Es'mated	need	99-99.9%	
completeness	to	prevent	
systema'c	errors	in	calibra'on	
from	missed	popula'ons	

Data from DEEP2 (Newman et al. 
2013) and zCOSMOS (Lilly et al. 
2009)

Equivalent IAB from 27 nights @ PFS



Note:	even	for	100%	complete	samples,	current	false-
z	rates	can	compromise	calibra'on	accuracy

Based on simulated 
redshift distributions for 
ANNz-defined DES bins in 
mock catalog from Huan 
Lin, UCL & U Chicago, 
provided by Jim Annis

• Only	the	highest-
confidence	redshi7s	
should	be	useful	for	
precision	calibra'on:	
lowers	spectroscopic	
completeness	further	
when	restrict	to	only	
the	best Approx 

LSST Req't
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COMMUNITY PLANNING STUDY: SNOWMASS 2013 

 

 
 
Figure 2-3.  The impact on constraints on the current value of the dark energy equation-of-state pa-
rameter w0 that arise from excising galaxies with particularly low or high photo-z’s from the imaging 
sample. All curves show errors from an LSST-type survey normalized by the error obtained if the full 
redshift range of the sample is used. When the imaging data is restricted to the range 0.2 < zph < 2.2, 
the constraining power of the survey is weakened by less than 20%.  Such cuts will likely result in a 
dramatic reduction of the outlier fraction, and come at a comparatively modest cost in the statistical con-
straining power of future dark energy experiments. 
 
Unfortunately, most spectroscopic instruments on large telescopes have relatively small fields of view. Be-
cause of sample variance, the redshift distribution obtained from any single pointing of these instruments 
will depart greatly from the true redshift distribution of equivalent samples selected over the entire survey 
footprint of Stage III and IV imaging experiments.  Depending on the number of redshifts obtained and 
the size of a field, sample variance can be more than an order of magnitude larger than the Poisson noise in 
redshift distributions (see, e.g., Newman & Davis 2002, van Waerbeke et al. 2006 and Cunha et al 2012a). 
 
Cunha et al 2012a estimate that, for the Dark Energy Survey (5000 deg2, i<23.7) sample, around 100-200 
patches, with area between 0.03 and 0.25 deg2 and around 300-400 galaxies per patch, would be needed to 
ensure that biases due to sample variance in the calibration sample do not dominate the statistical uncer-
tainties in the weak lensing shear-based estimates of the dark energy equation of state parameter, w, 
assuming a direct calibration of redshift distributions via spectroscopic samples. If a significant fraction (> 
50%) of the galaxies in a patch are observed, the requirements on the number of patches required can de-
crease to as few as 60 0.25 deg2 patches. If wider-field spectrographs are used, the sample variance from a 
single patch will be less, so fewer patches are required.  For stage IV surveys, the requirements on sample 
variance will generally only be greater than for that analysis, as the increase in statistical power implies 
that any systematics have to be controlled to higher accuracy.   

 
The requirements estimated in Cunha et al 2012a do not take into account a different source of field to field 
variation: for ground-based imaging experiements, observing conditions will inevitably not be uniform 
across the sky.  These differences may introduce additional spatial variation in the redshift distribution of 
samples selected based on their photometric properties.  Although flux errors being worse in one area than 
another should not bias photometric redshift estimates in the mean if accounted for properly, the uncer-

3	Ways	to	address	spectroscopic	incompleteness	
for	photo-z	calibra'on		–	all	may	be	feasible	

I. Throw	out	objects	
lacking	secure	
photo-z	calibra'on 

!

− ID	regions	in	e.g.	ugrizy	space	where	redshi7	failures	occurred 

− Elimina'ng	a	frac'on	of	sample	has	modest	effect	on	FoM	
-	Not	yet	known	if	sufficiently	clean	regions	exist



!
II. Incorporate	addi'onal	informa'on	 
− Longer	exposure/wider	wavelength	range	spectroscopy	

(JWST,	etc.)	for	objects	that	fail	to	give	redshi7s	in	first	try	
	-	Not	yet	known	if	will	yield	sufficient	completeness 

− Develop	comprehensive	model	of	galaxy	spectral	evolu'on	
constrained	by	redshi7s	obtained	
			-	A	major	research	program,	not	there	now 

III. Cross-correla'on	techniques

3	Ways	to	address	spectroscopic	incompleteness	
for	photo-z	calibra'on		–	all	may	be	feasible	



Genesis	of	the	idea
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• Phillips	&	Shanks	1987:	Can	measure	luminosity	func'on	by	measuring	
angular	cross-correla'on	of	photometric	galaxies	with	objects	of	known	
spec-z,	in	bins	of	magnitude	(260	spec-z's	in	~150	sq.	deg.)	

• If	you	can	measure	luminosity	func'on	at	each	z,	you	can	also	determine	
the	redshi7	distribu'on.	.	.	 



Cross-correla'on	methods:	exploi'ng	redshi7	
informa'on	from	galaxy	clustering

• Galaxies	of	all	types	cluster	
together:	trace	same	dark	maBer	
distribu'on 

• Galaxies	at	significantly	different	
redshi7s	do	not	cluster	together 

• From	observed	clustering	of	
objects	in	one	sample	vs.	another	
(as	well	as	informa'on	from	
autocorrela'ons),	can	determine	
the	frac'on	of	objects	in	
overlapping	redshi7	range	

• Do	this	as	a	func'on	of	
spectroscopic	z	to	recover	p(z)	



!
• Key	advantage:	spectroscopic	

sample	can	be	systema'cally	
incomplete	and	include	only	bright	
galaxies! 

• See:	Newman	2008,	Ho	et	al.	2008,	
MaBhews	&	Newman	2010,	2011

Blue:	zphot	distrib'on	of	objects	with	
0.7	<	zphot	<	0.9 

Black:	True	z	distribu'on	of	sample,	
spanning	24	widely-separated	
fields 

Red:	Cross-correla'on	reconstruc'on	
with	only	a	R<24,	4	deg2	survey

Cross-correla'on	methods:	exploi'ng	redshi7	
informa'on	from	galaxy	clustering



Red:	Photo-z	distribu'on	for	LRGs	
in	SDSS 

Black:	Cross-correla'on	
reconstruc'on	using	only	SDSS	
QSOs	(rare	at	low	z!) 

Menard et al. 2013

!
• Key	advantage:	spectroscopic	

sample	can	be	systema'cally	
incomplete	and	include	only	bright	
galaxies! 

• See:	Newman	2008,	Ho	et	al.	2008,	
MaBhews	&	Newman	2010,	2011

Cross-correla'on	methods:	exploi'ng	redshi7	
informa'on	from	galaxy	clustering



Red:	Photo-z	distribu'on	for	LRGs	
in	SDSS 

Black:	Cross-correla'on	
reconstruc'on	using	only	SDSS	
Mg	II	absorbers	(even	rarer!) 

Menard et al. 2013

!
• Key	advantage:	spectroscopic	

sample	can	be	systema'cally	
incomplete	and	include	only	bright	
galaxies! 

• See:	Newman	2008,	Ho	et	al.	2008,	
MaBhews	&	Newman	2010,	2011

Cross-correla'on	methods:	exploi'ng	redshi7	
informa'on	from	galaxy	clustering



Cross-correla'on	methods	have	been	used	to	test	
SDSS	photo-z's



QSO	samples	are	very	useful	at	z>1:	eBOSS	and	
DESI	will	provide	many

Menard et al. 2013



Cross-correla'on	methods	can	provide	accurate	
redshi7	calibra'on	for	LSST
!

•>500	degrees	of	overlap	with	
DESI-like	survey	would	meet	
LSST	science	requirements	for	
photo-z	calibra'on	errors	to	be	
no	worse	than	sta's'cal	errors	
on	weak	lensing	measurements	

•	4000	sq.	deg	of	overlap	
expected.	

Snowmass	White	Paper:	
Spectroscopic	Needs	for	Imaging	DE	

Experiments

Approx. 

LSST Reqt.



Spectroscopic	requirements	for	cross-correla'on	
methods

•	Photo-z	calibra'on	would	s'll	
be	degrading	Figure	of	Merit		

•	To	reduce	degrada'on	to	<10%,	
requirements	are	more	stringent;	
can	be	met	with	~20k	sq.	deg.	
overlap	

•	4MOST	currently	plans	DESI-
like	galaxy+QSO	survey	(but	
somewhat	more	dilute)	in	South	

•	DOE	Cosmic	Visions	report	
recommends	a	wide-field	
Southern	Spectroscopic	Survey	
Instrument	for	a	4-6m	telescope Snowmass	White	Paper:	Spectroscopic	

Needs	for	Imaging	DE	Experiments

Approx. 

LSST Goal

Approx. 

LSST Reqt.



Those	forecasts	are	pessimis'c!

!
•	McQuinn	&	White	
(2013):	Applica'on	of	
op'mal	es'mators	to	
cross-correla'on	
analysis	

•	Makes	maximum	use	of	informa'on	on	linear	scales,	avoids	
integral	constraint	error	
•	Obtain	errors	2-10x	smaller	than	Newman	2008	/	MaBhews	&	
Newman	2010



Biggest	concern	right	now:	disentangling	cross-
correla'ons	from	clustering	and	lensing	magnifica'on

•	Black:	cross-correla'ons	
between	photo-z	objects	(z=0.75	
Gaussian)	and	spectroscopic	
sample	as	a	func'on	of	z	

•	Blue:	observed	cross-correla'on	
due	to	spectroscopic	objects	
lensing	photometric	ones	

•	Red:	observed	cross-correla'on	
due	to	photometric	objects	
lensing	spectroscopic	ones	

•	Weak/CMB	lensing	could	help	us	
predict	the	red	curves	 Matthews & Newman 2014, 

in prep.



Cross-correla'ons	aren't	only	useful	for	
cosmology...

• Tal	et	al.	2012:	cross-correlated	
SDSS	photometric	galaxies	
with	LRGs	to	study	the	
luminosity	func'on	to	z=0.7 

6 Tal et al.

Table 1
Best-fit parameters of the galaxy luminosity function.

SDSS BOSS Stripe 82
0.28 < z < 0.40 0.60 < z < 0.70 0.28 < z < 0.40

A (fixed) 1.00 1.00 1.00
σc 0.09 0.12 0.09 (fixed)
logLc 11.04 11.14 11.00
φs 18.6 15.3 24.3
logLs 10.5 10.5 10.4
αs -1.11±0.47a -0.46±1.15 -0.95±0.18

aErrors were calculated by varying the analysis threshold
log(Lmin) by 0.5 dex.

Figure 4. Comparison between the luminosity functions derived
from individual SDSS LRG frames (blue data points) and from
deep Stripe 82 stacks (green data points) in the redshift range
0.28 < z < 0.40. Solid lines are functional fits to the data using
the two-component model described in Section 3. The faint-end
slope of the Schechter function can be reliably measured and it has
a value of −0.95.

the relatively small number of LRGs in Stripe 82 implies
that the gap region of the luminosity function is not well
constrained. To calibrate the photometry we matched
the resulting luminosity of the LRGs themselves to that
of the same LRGs in the SDSS frames. Figure 4 shows
a comparison between the luminosity function that was
derived from individual SDSS frames (blue points) and
the one derived from the deep Stripe 82 stacks (green
points). As expected, there is good agreement between
the two curves down to the SDSS threshold luminosity
of logL ∼ 10.1L⊙. The faint-end slope of the Schechter
function is better constrained from the deep Stripe 82
data and it has a value of −0.95.

4.2. Measurements of the gap width

The most outstanding feature in both galaxy luminos-
ity functions that are presented in Figure 3 is a gap at
the bright end between the LRG luminosity and that of

the most luminous satellites. Similar luminosity gaps in
nearby (z < 0.2) massive groups and clusters are typi-
cally interpreted as a proxy of the magnitude difference
between the first and second most luminous group mem-
bers (e.g., Ponman et al. 1994; Yang et al. 2008). How-
ever, the statistical nature of this study and the methods
used to derive the galaxy luminosity functions imply that
we cannot measure such a magnitude difference for any
given group or cluster as membership is not assigned to
individual sources. Instead, we treat the gap in the lumi-
nosity function as a probability distribution for finding
satellites at a given relative luminosity compared to the
central. Thus, we quantify the magnitude gap by find-
ing the luminosity above which LRG groups and clusters
have on average exactly one satellite. The ratio between
this luminosity and the peak of LRG luminosities is then
roughly equivalent to the magnitude gap between the
two most luminous members of the environment. Put
differently, we calculate the luminosity Lu above which
the integrand over the satellite luminosity distribution
equals unity:

∫ ∞

Lu

φs

(

L

Ls

)(αs+1)

exp

[

−
L

Ls

]

d logL = 1 (4)

This statistic implies a gap width of logLc− logLu ∼ 0.5
dex, or roughly 1.3 magnitudes, at both redshifts. An al-
ternative measure of the gap width is the difference be-
tween logLc and logLs which is also consistent between
the two redshift samples and has a value of roughly 0.5
dex. We note, however, that this measurement is less ro-
bust as the parameter logLs is degenerate with the other
parameters of the Schechter function.

5. DISCUSSION

5.1. Evidence for an early formation of LRG
environments

Measurements of the magnitude difference between
the first and second most luminous group members have
typically been interpreted as a gauge of the group age
(e.g., Sandage & Hardy 1973; Tremaine & Richstone
1977; Schneider et al. 1983; Barnes 1989; Ponman et al.
1994; Khosroshahi et al. 2004; D’Onghia et al. 2005;
Milosavljevi et al. 2006; van den Bosch et al. 2007;
Yang et al. 2008; Dariush et al. 2010). In this model
the most massive members merge quickly (within a
few tenths of a Hubble time) and leave behind only
significantly less massive satellites. Masjedi et al. (2008)
showed supporting evidence for this model by deriving
the small scale correlation function of SDSS LRGs and
estimating that these central galaxies can only grow by
up to a few percent via merging with their satellites.
The galaxy luminosity functions presented in figure 3
further support this and suggest that LRGs typically
live in groups where the central galaxy is significantly
more massive than its most luminous satellite.
In addition, Figure 5 shows that the depth of the lumi-

nosity gap at z ∼ 0.34, as well as its width, are generally
similar to the gap properties at z ∼ 0.65. This is consis-
tent with no significant evolution in the gap properties
between the two redshift bins and therefore no signifi-
cant merger activity between six and four billion years
ago. Moreover, the existence of the gap at z = 0.67 is



Cross-correla'ons	aren't	only	useful	for	
cosmology...

• Ting-Wen	Lan,	Menard	&	Mo	
2016:	cross-correlated	SDSS	
photometric	galaxies	with	
SDSS	spectroscopic	groups	at	
0.01	<	z	<	0.05	to	constrain	the	
condi'onal	luminosity	
func'on	

!

Dissecting the galaxy luminosity function 5
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Fig. 2.— Conditional luminosity functions of galaxies in halos of mass M
200

, shown with and without central galaxies (grey and
black data points). The shaded regions highlight the contributions from central galaxies only. The global best-fits for satellite luminosity
functions are shown with green solid lines. The purple and orange lines show the individual components of the double Schechter fit. Best-fit
parameters are presented in Table A2. Counts from galaxies brighter than the central galaxies are due to Poisson fluctuations introduced
by the background subtraction method and are not included in the fitting procedure. The errors are estimated by bootstrapping the group
sample. The top axis indicates the r-band luminosity of galaxies with respect to the solar r-band luminosity.

4.2. The bright end

Let us first focus on galaxies with M
r

< �18 mag (or
L > 109 L�). The corresponding parts of the luminosity
functions are shown in Figure 3. Following the conven-
tions introduced in Fig. 2, the black data points show
the measured values for the satellite galaxies, the grey
points include the contribution from centrals, and the
shaded regions indicate the contribution of the central
galaxies identified directly from the group catalog.

To describe the behavior of this collection of luminosity
functions of satellite galaxies, we use a Schechter function
to fit the data:

�(M
r

) = N
b

F (M
r

; ↵
b

, M⇤
b

) , (5)

with N
b

being the overall amplitude. F is the functional
form of the Schechter function given in terms of absolute

magnitude:

F(M
r

; ↵, M⇤) ⌘ 100.4(M
⇤�Mr)(↵+1) exp

h
�100.4(M

⇤�Mr)

i
,

(6)
where M⇤ is the characteristic absolute magnitude and
↵ is the faint-end slope. For each halo mass bin, we
fit the measured satellite luminosity function over the
range M

r

< �18 mag. We exclude data points brighter
than central galaxies, as they are expected to originate
from Poisson errors introduced by the background sub-
traction. The best fit Schechter function for each halo
mass is shown with the solid black line, with the best fit
values presented in Table A1 and displayed in Figure 5
with black data points. In the left panel of Figure 5,
we find that M⇤

b

⇠ �21.3 mag over a large halo mass
range at M > 1013 M�, with a tendency toward fainter



Conclusions
• Photo-z's	are	cri'cal	for	dark	energy	experiments	
• Incompleteness	or	incorrect	redshi7s	in	spectroscopic	samples	

can	cause	systema'c	errors	in	photo-z	applica'ons	
• Cross-correla'on	methods	can	calibrate	photometric	redshi7s	

even	using	incomplete	samples	of	only	bright	galaxies	&	QSOs	
• In	addi'on	to	constraining	redshi7	distribu'ons,	spectroscopic/

photometric	cross-correla'ons	can	provide	powerful	probes	of	
galaxy	evolu'on

• See	Snowmass	white	papers	on	Cross-Correla9ons	and	
Spectroscopic	Needs	for	Imaging	Dark	Energy	Experiments,	
hBp://arxiv.org/abs/1309.5384,	1309.5388



What	quali'es	do	we	desire	in	training	
spectroscopy?!

• Sensi've	spectroscopy	of	~30,000	faint	objects	(to	i=25.3	for	LSST)	

-	Needs	a	combina'on	of	large	aperture	and	long	exposure	'mes 

• High	mul'plexing	

-	Required	to	get	large	numbers	of	spectra 

• Coverage	of	full	ground-based	spectral	window	

-	Ideally,	from	below	4000	Å	to	~1.5μm	

• Significant	resolu'on	(R=λ/Δλ>~4000)	at	red	end	

	-	Allows	secure	redshi7s	from	[OII]	3727	Å	line	at	z>1	

• Field	diameters	>	~20	arcmin	

-	Need	to	span	several	correla'on	lengths	for	accurate	clustering	

• Many	fields,	>~15		

-	To	mi'gate	sample/cosmic	variance)



Summary	of	(some!)	poten'al	instruments
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COMMUNITY PLANNING STUDY: SNOWMASS 2013 

 

Telescope / Instrument Collecting Area 
(m2) 

Field area 
(arcmin2) 

Multiplex Limiting 
factor 

Keck / DEIMOS 76 54.25 150 Multiplexing 
VLT / MOONS 58 500 500 Multiplexing 
Subaru / PFS 53 4800 2400 # of fields 
Mayall 4m / DESI 11.4 25500 5000 # of fields 
WHT / WEAVE 13 11300 1000 Multiplexing 
GMT/MANIFEST+GMACS 368 314 420-760 Multiplexing 
TMT / WFOS 655 40 100 Multiplexing 
E-ELT / OPTIMOS 978 39-46 160-240 Multiplexing 

 
Table 2-1.  Characteristics of current and anticipated telescope/instrument combinations relevant for 
obtaining photometric redshift training samples.  Assuming that we wish for a survey of !15 fields of at 
least 0.09 deg2 each yielding a total of at least 30,000 spectra, we also list what the limiting factor that 
will determine total observation time is for each combination: the multiplexing (number of spectra ob-
served simultaneously); the total number of fields to be surveyed; or the field of view of the selected 
instrument.  For GMT/MANIFEST+GMACS and VLT/OPTIMOS, a number of design decisions have 
not yet been finalized, so a range based on scenarios currently being considered is given. 
 
 
Telescope / Instrument 

Total time(y), 
DES / 75% 
complete 

Total time(y), 
LSST / 75% 

complete 
Total time(y), 
DES / 90% 
complete 

Total time(y), 
LSST / 90% 

complete 

Keck / DEIMOS 0.51 10.22 3.19 63.89 
VLT / MOONS 0.20 4.00 1.25 25.03 
Subaru / PFS 0.05 1.10 0.34 6.87 
Mayall 4m / DESI 0.26 5.11 1.60 31.95 
WHT / WEAVE 0.45 8.96 2.80 56.03 
GMT/MANIFEST+GMACS 0.02 - 0.04 0.42 - 0.75 0.13 - 0.24 2.60 - 4.71 
TMT / WFOS 0.09 1.78 0.56 11.12 
E-ELT / OPTIMOS 0.02 - 0.04 0.50 - 0.74 0.16 – 0.23 3.10 - 4.65 

 
Table 2-2.  Estimates of required total survey time for a variety of current and anticipated tele-
scope/instrument combinations relevant for obtaining photometric redshift training samples.  Calculations 
assume that we wish for a survey of !15 fields of at least 0.09 deg2 each, yielding a total of at least 
30,000 spectra.  Survey time depends on both the desired depth (i=23.7 for DES, i=25.3 for LSST) and 
completeness (75% and 90% are considered here).  Exposure times are estimated by requiring equivalent 
signal-to-noise to 1-hour Keck/DEIMOS spectroscopy at i!22.5.   GMT / MANIFEST + GMACS esti-
mates assume that the full optical window may be covered simultaneously at sufficiently high spectral 
resolution; in some design scenarios currently being considered, that would not be the case, increasing 
required time accordingly.  

MOSAIC

(≈4MOST)

(≈MSE)



Time	required	for	each	instrument
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will determine total observation time is for each combination: the multiplexing (number of spectra ob-
served simultaneously); the total number of fields to be surveyed; or the field of view of the selected 
instrument.  For GMT/MANIFEST+GMACS and VLT/OPTIMOS, a number of design decisions have 
not yet been finalized, so a range based on scenarios currently being considered is given. 
 
 
Telescope / Instrument 

Total time(y), 
DES / 75% 
complete 

Total time(y), 
LSST / 75% 

complete 
Total time(y), 
DES / 90% 
complete 

Total time(y), 
LSST / 90% 

complete 

Keck / DEIMOS 0.51 10.22 3.19 63.89 
VLT / MOONS 0.20 4.00 1.25 25.03 
Subaru / PFS 0.05 1.10 0.34 6.87 
Mayall 4m / DESI 0.26 5.11 1.60 31.95 
WHT / WEAVE 0.45 8.96 2.80 56.03 
GMT/MANIFEST+GMACS 0.02 - 0.04 0.42 - 0.75 0.13 - 0.24 2.60 - 4.71 
TMT / WFOS 0.09 1.78 0.56 11.12 
E-ELT / OPTIMOS 0.02 - 0.04 0.50 - 0.74 0.16 – 0.23 3.10 - 4.65 

 
Table 2-2.  Estimates of required total survey time for a variety of current and anticipated tele-
scope/instrument combinations relevant for obtaining photometric redshift training samples.  Calculations 
assume that we wish for a survey of !15 fields of at least 0.09 deg2 each, yielding a total of at least 
30,000 spectra.  Survey time depends on both the desired depth (i=23.7 for DES, i=25.3 for LSST) and 
completeness (75% and 90% are considered here).  Exposure times are estimated by requiring equivalent 
signal-to-noise to 1-hour Keck/DEIMOS spectroscopy at i!22.5.   GMT / MANIFEST + GMACS esti-
mates assume that the full optical window may be covered simultaneously at sufficiently high spectral 
resolution; in some design scenarios currently being considered, that would not be the case, increasing 
required time accordingly.  

MOSAIC

(≈4MOST)

(≈MSE)



DE	systema'c	errors	from	uncertainty	in	photo-z	
calibra'on
!
• Es'mates	based	on	Gaussian	error	

models:	photo-z	bias,	δz	=	<zp	–zs>,	
and	uncertainty	in	scatter,	σ	(σz)	=	
σ	(RMS(zp	–zs)),	must	be	below	
~0.003	-	0.01	for	photo-z	
systematics	to	be	subdominant	in	
lensing/BAO	(looser	requirements	
come	from	better	P(k)	predictions) 

Hearin et al. 2010

• More	realis'c:	need	to	consider	
catastrophic,	non-Gaussian	outliers.  
Can’t	be	eliminated	(e.g.	HST	shows	
2%	of	faint	DEEP2	objects	are	blends)

• If	drop	all	galaxies	with	z<0.3	or	z>2.1,	random	lensing	errors	
only	20%	worse	,	but	systema'cs	much	less	(Hearin	et	al.	2010)



!
• More	realis'cally:	need	to	consider	

catastrophic,	non-Gaussian	outliers 

• Can’t	be	eliminated	en'rely: 
• ~2%	of	DEEP2	targets	were	

actually	galaxies	at	different	z	
blurred	together	from	ground 

• Can	be	difficult	to	dis'nguish	
one	spectral	break	from	
another:	degeneracies 

• Some	sorts	of	catastrophic	errors	
worse	than	others 

• If	drop	all	galaxies	with	z<0.3	or	
z>2.1,	lensing	errors	only	20%	worse	
(Hearin	et	al.	2010)

Hearin et al. 2010

Systema'c	errors	from	photo-z	catastrophic	outliers


